METHOD OF SECOND STEP POLISHNG IN COPPER CMP WITH A POLISHING 
FLUID CONTAINING NO OXIDIZING AGENT 



TECHNICAL FIELD 

[0001] The invention relates, in general, to chemical-mechanical-planarization (CMP) 
and, more particularly, to polishing fluids for second polishing step by CMP to remove a 
barrier film on a semiconductor wafer. 

BACKGROUND 

[0002] Circuit interconnects for semiconductor devices can be formed in a dielectric layer 
in which multiple trenches are arranged. The interconnects are formed by applying a 
barrier film over an underlying dielectric layer, followed by applying a metal layer over the 
barrier film. The metal layer is formed to a sufficient thickness to fill the trenches with 
metal. The interconnect fabrication process includes the use of a two-step CMP process. 
[0003] CMP refers to a process of polishing a semiconductor wafer with a polishing pad 
and a polishing fluid. In a first polishing step, the metal layer is removed from the 
underlying barrier film and from the underlying dielectric layer. The metal layer is 
removed, both by abrasion applied by the polishing pad, and by chemical reaction with the 
polishing fluid accompanied by dissolution of the products of chemical reaction. The first 
polishing step removes the metal layer, leaving a smooth planar polished^surface on the 
wafer, and fiirther leaving metal in the trenches to provide circuit interconnects that are 
substantially planar with the polished surface. 

[0004] A typical first step polishing process includes an aqueous solution having an 
oxidizing reagent, such as KNO3 or H2O2 in a polishing fluid having pH at acidic regime. 
The copper metal layer is removed by oxidation of the metal layer by the oxidizer and by 
abrasion of the polishing pad. Further, the polishing pad abrades the metal layer to 
minimize redeposition of the dissolved oxides from the solution onto the surface of the 
material being polished. The copper is removed from an underlying barrier film, for 
example, of tantalum (Ta) or tantalimi nitride (TaN). The barrier film is more resistant to 
abrasion than is the copper, such that the barrier film acts as a polish stop for stopping the 
first step polishing of copper. Further, oxidation of the surface of the barrier film by the 
polishing fluid will inhibit its removal during first step polishing. 
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[0005] In a second polishing step, the barrier fibn is removed from the underlying 
dielectric layer. Second step polishing can provide a smooth, planar poHshed surface on the 
dielectric layer. Ideally, the second polishing step does not remove the metal in the 
trenches. Excess metal removal in the second step can add additional dishing to that from 
the first step. 

[0006] Dishing is a term that describes the formation of unwanted cavities in the circuit 
interconnects caused by removing excess metal in the trenches. Dishing can occur in both 
the first polishing step and in the second polishing step. The circuit interconnects are 
required to have precise dimensions that determine the electrical impedance of signal 
transmission lines, as provided by the circuit interconnects. Dishing in excess of acceptable 
levels causes dimensional defects in the circuit interconnects, which can contribute to 
attenuation of electrical signals transmitted by the circuit interconnects. A conventional 
polishing slurry requires too much polishing time for completely removing the barrier metal 
film on the insulating film because of a considerably lower polishing rate for the barrier 
metal film. If the polishing rate for the copper film in the trench is equal or higher than that 
for the barrier metal film, the copper film metal in the trench is excessively polished, 
resulting in dishing. 

[0007] The second polishing step should cause minimal erosion. Erosion is a term that 
describes the unwanted lowering of the surface of the dielectric layer caused by removing 
some of the dielectric layer underlying the barrier film in a dense interconnect area. This 
dielectric layer removal is greater than that in a sparse area such as an isolated interconnect 
area so that the surface of the dense interconnect area becomes depressed in relation to the 
other surfaces. Erosion that occurs adjacent to the metal in the trenches causes dimensional 
defects in the circuit interconnects, which can contribute to attenuation of electrical signals 
transmitted by the circuit interconnects. To minimize erosion, a polishing fluid for second 
step polishing is desired to remove the barrier film with a higher removal rate than the 
removal rate for the dielectric layer. 

[0008] The second polishing step should have a high removal selectivity for the barrier 
layer relative to the underlying layers. Removal selectivity is defined as a ratio of the 
removal rate of the barrier film, relative to the removal rate of the comparison layer, for 
example a dielectric layer or a metal film. Thus, removal selectivity is a measure of the 
removal of the barrier film relative to the dielectric layer or the metal film. A high removal 
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selectivity is desired. Polishing with a polishing fluid that exhibits high removal selectivity 
relative to the dielectric layer maximizes removal of the barrier film instead of the dielectric 
layer. 

[0009] US Patent 6,547,843 discloses a poHshing composition for use in the preparation 
of a metal wiring layer, comprising water, abrasive grains, an organic acid, and an oxidizing 
agent, and having a pH of 5.5-10.0 adjusted by an alkaline substance. Since the composition 
includes an oxidizer, the removal rate of tantalum is from 400 to 870 A/min while the 
removal rate of copper is from 360 to 600 A/min, and the selectivity of Ta/Cu is close to 1. 
[0010] There is a problem with polishing fluids containing an oxidizing agent in that an 
oxidizing agent promotes the corrosion of the metal layer and, therefore, promotes dishing 
of the metal layer. It would be advantageous to find a suitable second step polishing fluid 
which does not contain an oxidizing agent. It would also be advantageous for a second step 
polishing fluid to also have a low concentration of abrasive particles. High concentrations 
of abrasive particles will indeed remove the barrier Ta or TaN at high rates, but may cause 
other problems, such as causing erosion of the dielectric layer and causing defects in the 
polished wafer surface. 

STATEMENT OF INVENTION 
[0011] A method for removal of a barrier film on a semiconductor wafer by polishing 
with a polishing pad and a polishing fluid, the polishing fluid comprising abrasive particles 
in the range of 0. 1% to 5% by weight and an organic acid or mixture thereof in the range of 
0.5-10% by weight in an aqueous solution at basic pH with no addition of an oxidizing 
agent. The polishing fluid of this invention contains no oxidizing agent. Surprisingly, the 
organic acid without the 

oxidizing agent normally used in CMP polishing fluids and at low polishing abrasive 
concentrations, provides enhanced barrier removal so that selectivities of both barrier to 
metal and barrier to dielectric layer are high. Optionally, other components normally used 
in CMP slurries may be added, such as a copper corrosion inhibitor to further protect the 
metal copper surface in the trenches. A slurry stabilizer may also be optionally added to the 
polishing fluids of this invention. 

DETAILED DESCRIPTION 
[0012] The abrasive particles used in the polishing fluids of this invention may be any of 
the usual abrasives found in CMP slurries, such as alumina, silica, ceria, zirconia, and the 
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like. Preferred are abrasives consisting of silicon dioxide; for example, fumed silica and 
colloidal silica. 

[0013] An average diameter of the silica polishing grain is preferably from 5 nm to 500 
nm, more preferably around 50 nm. The content of the silica polishing grain in the 
polishing slurry may be appropriately selected within the range of 0.1 to 5 v^t % in the total 
amount of the polishing fluid composition in the light of factors such as a polishing 
efficiency, polishing accuracy, and selectivity of TaN/Cu and TaN/TEOS. It is preferably at 
least 1 wt % abrasive. 

[0014] The organic acid used in the polishing slurry of this invention may be at least one 
selected from the group consisting of organic acids, carboxylic acids, and hydrocarboxylic 
acids containing a hydroxyl group and a carboxyl group, and amino acids containing amino 
groups. For example, the following substances may be used: organic acids, such as citric 
acid, maleic acid, formic acid, acetic acid, propionic acid, butyric acid, valeric acid, acrylic 
acid, lactic acid, succinic acid, malic acid, malonic acid, tartaric acid, phthalic acid, fiimaric 
acid, lactic acid (alpha-hydroxypropionic acid or beta-hydroxypropionic acid), pimelic acid, 
adipic acid, glutaric acid, oxalic acid, salicylic acid, glycolic acid, tricarboxylic acid, 
benzoic acid, and salts of these acids. The amino acid that may be used includes alpha- 
amino acids and beta-amino acids. An amino acid may be added as a free form, as a salt or 
as a hydrate. Examples of those which may be added include glutamic acid, glutamic acid 
hydrochloride, sodium glutaminate monohydrate, glutamine, glutathione, glycylglycine, 
alanine, beta-alanine, ganuna -aminobutyric acid, epsilon-aminocarproic acid, lysine, lysine 
hydrochloride, lysine dihydrochloride, lysine picrate, histidine, histidine hydrochloride, 
histidine dihydrochloride, aspartic acid, aspartic acid monohydrate, potassixmi aspartate, 
potassium aspartate trihydrate, tryptophan, threonine, glycine, cystine, cysteine, cysteine 
hydrochloride monohydrate, oxyproline, isoleucine, leucine, methionine, ornithine 
hydrochloride, phenylalanine, phenylglycine, proline, serine, tyrosine, valine, and a mixture 
of these amino acids. The salts of these organic acids have an effect to increase solubility 
and therefore, are used accordingly. These chemicals may be used individually or in 
combinations of two or more. The content of the above organic acid used in this invention 
must be at least 0.1 wt % and up to 10%, preferably from 1-5%, most preferable 2-4%, in 
order to improve the polishing rate of barrier films containing tantalum. When combining 
two or more organic acids, the above content means their total. 
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[0015] The pH of the poUshing fluid of this invention is preferably from 7 to 12, more 
preferably from pH 8-10 and most preferably around pH 9. The bases used to adjust pH of 
a slurry of this invention may be a base containing ammonium ion, such as ammonium 
hydroxide, bases containing alkyl-substituted ammonium ions, bases containing alkali metal 
ion, bases containing alkaU-earth metal ion, bases containing group IIIB metal ion, bases 
containing group IVB metal ion, bases containing group VB metal ion and salts containing 
transition metal ion. The designed pH in the basic range is not only for removal of the 
barrier surface, but is also good for the stability of the slurry of this invention. For the 
polishing slurry, pH may be adjusted by a known technique. For example, an alkali may be 
directly added to a slurry in which a silica abrasive is dispersed and an organic acid is 
dissolved. Alternatively, a part or all of an alkali to be added may be added as an organic 
alkali salt. Examples of an alkali, which may be used, include alkali metal hydroxides such 
as potassium hydroxide; alkali metal carbonates such as potassium carbonate; ammonia; and 
amines as mentioned in this paragraph. 

[0016] A corrosion inhibitor for the conductive metal, such as copper, may be further 
added. Addition of an inhibitor may allow a polishing rate for a conductive metal film to be 
further adjusted and may result in forming a coating film over the surface of the conductive 
metal film to prevent dishing and corrosion during and after polishing. Examples of the 
inhibitors include benzotriazole, 1,2,4-triazole, benzofuroxan, 2,1,3-benzothiazole, o- 
phenylenediamine, m-phenylenediamine, cathechol, o-aminophenol, 2- 
mercaptobenzimidazole, 2-mercaptobenzoxazole, melamine, and their derivatives. Among 
these, benzotriazole and its derivatives are preferable. Furthermore, naphthalenetriazole and 
naphthalenebistriazole as well as substituted naphthalenetriazoles and substituted 
naphthalenebistriazoles substituted as described above may be used. The content of the 
inhibitor is preferably at least 0.001 wt %, of the total amount of the polishing slurry for 
achieving adequate effects of its addition. A polishing slurry of this invention may contain 
a variety of additives such as dispersing agents, biocide, buffers and viscosity modifiers 
commonly added to a polishing slurry as long as such additions do not deteriorate the 
properties of the slurry. The balance of the polishing slurry is water, preferably deionized 
water. 

[0017] Experiments were conducted to test variations in the composition of a polishing 
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fluid for second step polishing by CMP to remove a barrier film of TaN from an underlying 
dielectric layer of silica on a semiconductor wafer. Further, the same Experiments were 
conducted to remove copper metal from a semiconductor wafer, wherein, the copper metal 
simulated metal in trenches in a semiconductor wafer. With reference to Table 1, 
experiments were performed by polishing a barrier film of TaN and a dielectric layer of 
silica, using a polishing pad and a polishing fluid of basic pH, (pH=9). The pH=9 is a 
nominal value, as all concentrations of constituents in the polishing fluid are nominal 
values. Accordingly, all stated measurements of the constituents, as well as the pH 
measurement, are variable, respectively, about their stated nominal values. Also with 
reference to Table 1, Tests A and B use polishing fluids containg 0% abrasive and 0% citric 
acid as reference experiments, wherein 0.002 weight% or 0.1 wt% BTA was added 
respectively; Test C uses a polishing fluid containing 1% submicron silicon dioxide 
abrasive and 0% citric acid as a comparative experiment for testing performances of citric 
acid; the slurries of Tests 1 through 4 contain 1% silicon dioxide abrasive and increasing 
concentration of citric acid from 0.5% to 4%. . The polishing fluids listed in Table 1 may 
also comprise a small amount of a biocide. Using these polishing fluids, CMP was 
conducted on a polishing pad, IClOlO from Rodel Inc, polishing sheet blank wafers. For 
each polishing fluid, two TaN wafers, two copper wafers and two TEOS wafers were used. 
The reported removal rates in the table are an average of two wafers. 
[0018] Comparison of Test B and Test C shows that with 1% abrasive, both TaN and 
copper removal rate increase from almost zero to 178 A/min, where both tests contain no 
organic acid. Tests 1 through 4 show that with continual increase of citric acid 
concentration in the fluid, the removal rate of tantalum nitride (TaN) increases up to 1350 
A/min, while the copper removal rate is almost constant. The copper removal rates from 
Test 1 through 4 are close to the copper removal rate of Test C. This indicates that the 
copper removal is due to the 1% abrasive. The tests show that the organic acid, exampled 
by citric acid, specifically interacts and removes the barrier (TaN) surface, but not the metal 
copper surface in the absence of an oxidizer. Further, the tests show that the removal rate of 
silicon dioxide TEOS is also very low. 

[0019] Tests D and 5 through 9 have a similar test setup to the Tests 1 through 4. Test D 
shows that in the presence of 1% silicon dioxide abrasive, but without glutamic acid in the 
fluid, the TaN removal rate is 20 A/min, an unacceptable value for barrier removal 
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polishing. The copper removal rate in the test is 178 A/min, which is the same as in Test C. 
When 1 or 2 or 4 weight% glutamic acid is added, the TaN removal rate increases up to 
1580 A/min, which indicates that the removal of TaN in these slurry is due to the addition 
of the amino acid, glutamic acid. The removal rate of copper with the addition of glutamic 
acid is again almost a constant as in the tests with addition of citric acid. Further, the TEOS 
removal rate is around 50 A/min, which is low enough to have a low to zero erosion in 
pattem wafer polishing. Test 5 shows that without the abrasive, the acid alone will not 
provide a high TaN removal rate. Therefore, an abrasive is necessary with this amino acid. 
This also indicates that the removal with glutamic acid is not an etching process but a real 
CMP process, since the removal of TaN in the test needs a combination of chemical (from 
glutamic acid) and mechanical (the abrasive) polishing. In the presence of amino acid, 
increase in silicon dioxide abrasive increases the removal rate of TaN as shown in Tests 7 
and 9. 



Table 1 Polishing Results and Selectivity 
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Cu 


TaN/ 
TEOS 


Test A 


0 


0.002 
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10 


0.01 


4 




22.0 
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TestB 
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0.1 
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0.01 


6 
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0.01 
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0.1 
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9 


0.01 
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0.1 
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0.01 


1068 
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14.1 
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0.1 
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0.01 


1025 


185 
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5.5 


13.1 
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0.1 


4 


9 


0.01 
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55.0 


9.0 
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2.00 
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0.01 


1871 


137 


168 


14 


11 
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[0020] The examples cited herein illustrate that with a combination of an organic acid or 
amino acid and an abrasive, with no oxidizing agent, we are able to remove a barrier film 
comprising tantalum (such as tantalum and tantalum nitride) from a wafer substrate at a 
high removal rate, with a low copper removal rate and a low dielectric TEOS removal rate. 
[0021] In a polishing slurry of this invention, a composition may be preferably adjusted to 
provide a polishing rate for a barrier film containing tantalum of preferably at least 400 
A/min, more preferably at least 1000 A/min; and to provide a polishing rate for copper of 
preferably less than 500 A/min, more preferably less than 200 A/min. The composition of 
the polishing slurry of this invention may be adjusted to provide a polishing rate ratio of the 
tantalum contained barrier film to copper film of preferably 5/1, more preferably 10/1 or 
more. The composition of the polishing slurry of this invention may be desirably adjusted 
to provide a higher polishing rate ratio of the tantalum contained barrier film to the 
interlayer dielectric film (TaN/ dielectric film polishing ratio) in a polishing slurry of this 
invention; preferably at least 10/1, more preferably at least 20/1. The result for Test 4 in 
which citric acid was present in the slurry at 4% by weight, the selectivity of barrier TaN to 
copper was 9.0 while the selectivity of barrier TaN to insulating layer was 24.5. The result 
for Test 8 in which glutamic acid was present in the slurry at 4% by weight, the selectivity 
of barrier TaN to copper was 1 1 while the selectivity of barrier TaN to insulating layer was 
41. 
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